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(54) Viterbi decoder 

(57) A Viterbi decoder is provided in which conven- 
tional RAMs or the like is used for a path metric memory 
(1 05) and a path selection signal memory (1 06), and the 
number of times the memory is accessed in an ACS op- 
eration and a trace-back operation is reduced, thus 
achieving a reduction in power consumption and an in- 
crease in speed of processing operations. In this Viterbi 
decoder, based on branch metrics calculated from input 
codes by a branch metric operation section (102), an 



add-compare-select (ACS) operation section (103) cal- 
culates path metrics of respective states by time-sharing 
processing. The path metrics sequentially calculated by 
the ACS operation section (103) are delayed temporar- 
ily by a path metric permutation section (104) and are 
permutated to have different time series from those of 
the path metrics calculated by the ACS operation sec- 
tion (103), which then are stored in a path metric mem- 
ory (105). 
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Description 

[0001] The present invention relates generally to a Viterbi decoder used for maximum likelihood decoding of convo- 
lution^ codes. 

[0002] A Viterbi decoder is used for maximum likelihood decoding of convolutional codes, wherein from a plurality 
of known code sequences of possible input code sequences, a code sequence closest in code distance to that gen- 
erated by a convolutional encoder is selected as a maximum likelihood code sequence (maximum likelihood path) 
and based on the information thus selected, decoded data are obtained. The Viterbi decoding has a high capability for 
correcting random errors occurring in a communication channel and allows a particularly high encoding gain to be 
obtained in combination with a soft decision decoding system. For instance, in a mobile communication system in 
which bit errors affect communication quality considerably and which tends to be affected by interference waves easily 
convolutional codes are used as error collecting codes and the Viterbi decoding is employed for decoding them. 
[0003] This Viterbi decoding algorithm is described briefly. For instance, suppose a convolutional code, with a code 
rate R _ 1/2 and a constraint length K = 3, whose generating polynomials are given by the following formulae. 

G0(D) - 1 + D 2 



20 G1(D) = 1+D+D 2 

[0004] FIG. 9 shows a structural example of a convolutional encoderfor generating such a code. In FIG. 9, information 
bits as input data are delayed sequentially by two delay elements 901 and 902 such as flip-flops or the like. The input 
data and data from the delay element 902 are added by an adder 903, which is output as an output GO. The input data 
25 and data from the delay element 901 are added by an adder 904 and then data from the adder 904 and the data from 
the delay element 902 are added by an adder 905, which is output as an output G1 . 

[0005] When the contents of the respective delay elements 901 and 902 in such an encoder are indicated as S[1] 
and S[0], the states S[1:0] of the encoder can include four states of (00), (01), (10), and (11). There are always two 
possible transition states with respect to an input. 
30 [0006] In other words, in the case of an input "0", when a current state is (00) or (01 ), it is subjected to the transition 
to the state (00), and when the current state is (10) or (11), it is subjected to the transition to the state (01 ) In the case 
of an input "1", when the current state is (00) or (01), it is subjected to the transition to the state (10), and when the 
current state is (10) or (11), it is subjected to the transition to the state (11). 

[0007] As a method of illustrating such state transitions, a trellis diagram is used, and such state transitions are 
illustrated by a trellis diagram shown in FIG. 1 0. In FIG. 1 0, solid-line arrows (branches) indicate transitions in the case 
of an input "0" and broken-line branches indicate transitions in the case of an input "1 ". The numerals provided along 
the respective branches are codes (GO, G1 ) output upon the transitions of the respective branches. 
[0008] As is apparent from FIG. 1 0, two branches become confluent in transition to the respective states without fail 
In the Viterbi decoding algorithm, a combination (a path) of maximum likelihood (most likely) branches out of the two 
respective branches reaching the respective states is selected and information (a path selection signal) of the path (a 
surviving path) thus selected is stored in a memory. The path selection is executed until a predetermined path length 
is obtained and then a maximum likelihood surviving path is searched (traced back) based on contents of the path 
selection signal memory. Based on the change of the respective maximum likelihood states obtained by the trace- 
back, information input to the convolutional encoder is decoded. 

[0009] The Viterbi decoder for decoding convolutional codes based on such a Viterbi algorithm basically Includes a 
branch metnc calculation means, an ACS (add^ompare-select) operation means, a path metric memory, a path se- 
lection signal memory, and a trace-back means. The branch metric calculation means calculates code distances 
(branch metrics) between input code sequences and code sequences predicted in respective branches The ACS 
operation means calculates accumulated values (path metrics) of branch metrics reaching respective states and selects 
surviving paths. The path metric memory stores the path metrics of the respective states, and the path selection signal 
memory stores information of the selected paths. The trace-back means searches maximum likelihood surviving paths 
based on the contents of the path selection signal memory. 

[001 0] In the above-mentioned ACS operation means, the surviving paths in respective states are selected according 
to a so-called path metric transition diagram, and the path metrics of the surviving paths are calculated. This path 
metric transition diagram is prepared based on the trellis diagram as shown in FIG. 10. 

[001 1] FIGs. 11 A and 11 B show path metric transition diagrams when codes indicated by the trellis diagram shown 
in FIG. 1 0 are used. That is to say, in the trellis diagram shown in FIG. 1 0, there are two paths that become confluent 
in the state (00), one of which is generated by an output of a code (00) from the state (00) and the other of which 
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generates a code (1 1 ) from the state (01 ). Therefore, the path metric PMOO(new) in the current state (00) is expressed 
by one of the following two formulae: 

PMOO(new)a = PMOO(old) + BMOO 



PMOO(new)b = PM01 (old) + BM1 1 

10 where PMOO(old) and PM01(old) indicate path metrics of the preceding states and BMOO and BM11 denote branch 
metrics. 

[0012] In other words, a maximum likelihood value of two path metrics PM00(new)a and PM00(new)b during the 
ACS operation is selected and the path metric thus selected is determined as the path metric PMOO(new) of the current 
state (00). 

is [001 3] There are two paths that become confluent in the state (10), one of which is generated by an output of a code 
(11) from the state (00) and the other of which generates a code (00) from the state (01). Therefore, the path metric 
PM1 0(new) in the current state is expressed by one of the following two formulae. 

20 PM1 0(new)a = PMOO(old) + BM1 1 



PM1 0(new)b = PM01 (old) + BMOO 

[0014] Further, there are two paths that become confluent in the state (01), one of which is generated by an output 
of a code (01 ) from the state (1 0) and the other of which generates a code (1 0) from the state (11). Therefore, the path 
metric PM01 (new) in the current state is expressed by one of the following two formulae. 

PM01(new)a= PM10(old) + BM01 



PM01 (new)b = PM1 1(old) + BM10 

35 [0015] Furthermore, there are two paths that become confluent in the state (11), one of which is generated by an 
output of a code (10) from the state (10) and the other of which generates a code (01) from the state (11). Therefore, 
the path metric PM11 (new) in the current state is expressed by one of the following two formulae. 

40 PM11(new)a= PM10(old) + BM10 



PM1 1 (new)b = PM1 1(old) + BM01 

45 [0016] Based on the above, the path metric transition diagrams as shown in FIGs. 11 A and 11 B can be prepared. 
[0017] As can be seen from the above formulae and the path metric transition diagrams shown in FIGs. 11 A and 
11B, the difference between PMOO(new) and PM10(new) is only the correspondence between PMxx(old) and BMxx 
when BM11 and BMOO are added to PMOO(old) and PM01 (old). 

[0018] Similarly, the difference between PM01 (new) and PM11 (new) also is only the correspondence between PMxx 
so (old) and BMxx when BM01 and BM10 are added to PM10(old) and PM11(old). 

[0019] Furthermore, the two PMxx(old) in each case described above have the relationship of continuous even and 
odd number states and the two PMxx(new) have the relationship of upper and lower order states in which only their 
most significant bits differ from each other. 

[0020] These facts indicate that two PMxx(new) with the relationship of the upper and lower order states can be 
55 calculated from the two BMxx and the two PMxx(old) with the relationship of continuous even and odd number states. 
[0021] Next, the following description is directed to path selection signals and respective state transitions. In the 
above description, the pair of path metrics to be determined as current states have the relationship that only the least 
significant bits of their preceding states are different from each other. Based on this, maximum likelihood path metric 
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selection information (path selection signals) of the respective states is indicated as PSOO(new) PS01(new) PStO 
(new) and PS1 1 (new), and the relationships between their values and path metric selections are assumed as follows. 



PSxx(new) = 0 -> PMxx(new)a is selected. 
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PSxx(new) = 1 -> PMxx(new)b is selected. 

In this case, the values of respective PSxx(new) are the same as those of the least significant bits of the corresponding 
states at the preceding time point. K y 

E°p?^> ,n th ther .T rdS : 3 StatS 31 3 tim6 P ° int " iS indi0ated as S(n) and a P ath selection si 9"a" in the state S 
expriiVi folloir respective states at time points n and n-1 and the path selection signal is 

S(n- 1) = {S(n), PS(S)} 

In the above formula, {a, b) denotes an operation of concatenating b to the least significant bit side of a and deleting 
a part of the most significant bit side of a with a width corresponding to a bit width of b 

[0023] Such facts indicate that the preceding state of a certain state can be determined from the path selection signal 
or tne certain state. 

[0024] From the above formula, in the case where the maximum likelihood state at a time point n is determined when 
a predetermined number of path selection signals are stored, the states selected in the past can be determined from 
the values of the path selection signals at respective time points. This operation is referred to as "trace-back" and one 
example is shown in FIG. 12. 

[0025] In some cases, in order to determine the maximum likelihood state at a time point n, a method may be em- 
ployed m which an additional bit (a tailbit) is added to an information bit so that the state of the encoder is converged 
Inno« ! d V3lUe (f ° r instance - 00 or tne like ) at the end of the convolutional code sequence 
[0026] As descnbed at the beginning of this specification, the state transitions in the convolutional encoder are caused 
by successive inputs of information bits to the delay elements. Therefore, the determination of the state transitions by 
trace-back to the past states means the direct determination of the information bits 

[0027] Through the above-mentioned processes, the information bits can be decoded from the received code se- 
quence by Viterbi decoding. 

35 L°n°H 281 D I?.*, Conve , ntional Viterbi d6C0der ' il is kn °<"n that the ACS operation is executed by time-sharing processing 

^ ir q » aCC f S ' S USSd 38 8 Path metnC mem0ry f0r si ^ n 9 a P ath metric opined from a 

result of the ACS operation. In such a Vrterbi decoder, the path metric that is obtained from a result of the ACS operation 

and is to be used for the ACS operation at a subsequent time point is allocated to one address of the RAM In other 
words, a path metric of one state is assigned to one address of one RAM. 
40 [0029] In this case, since a new path metric is generated from path metrics of two past states, it is required to access 
the memory three t.mes per ACS operation to read out two past path metrics and write one new path metric Even 

TnZ^ w 3 ^ Ca "f d dUa ' P ° rt RAM t0 ° Perate Wming and readout ^Parately and concurrently, the readout is 
required twice. Therefore, many times of accessing memory are necessary and a high speed RAM is required, which 

hinder the reduction in power consumption and the increase in speed 
45 f°° 3 oL *? 3 ,Urther improved metnod ' JP 9-232973 A discloses a calculation method in which, based on the fact that 
W ,l r^ 6 ^ W " h 3 relalionshi P of u PP er and lower order states can be calculated from two BMxx and two PMxx 
(old) with a relationship of continuous even and odd number states as described above, two path metrics are read out 
and two path metrics are calculated to be output. In this method, two memories are provided for the upper orders and 
lower orders of the path metrics, respectively, and an arrangement for reading out continuous even and odd numbers 

ran™ , T .f ! T~ iS Pr ° Vided ' thUS calculatir, 9 two path metrics by one-time readout and one-time writing. 
[0031 ] In this method, however, it is necessary to prepare two path metric memories for the ACS operation Generally 
when one memory is divided to provide memories with the same capacity, the circuit size and area increase which 
causes a disadvantage for the reduction in power consumption. 

[0032] Next, the following description is directed to the trace-back. In view of the fact that the preceding state of a 
certain state can be determined from the path selection signal of the certain state as described above a configuration 
used for executing the trace-back by allowing path selection signals for n states (for example, 16 states = 1 word) to 

HG M 3A ° f 3 ^ Path Sel6Cti0n Si9na ' mem0Ty) St ° ring the Path SeleCtion signa,s is show " in 
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[0033] In this configuration, It is important that an address of a path selection signal memory is determined from a 
Viterbi state and furthermore, the next Viterbi state can be determined from a path selection signal read out from the 
memory. In other words, the determination of an address and memory access must be executed during one processing 
unit (one cycle). Generally, operation delays in the memory are indicated as in FIG. 13B. The operation delays include 

5 initially, an address delay caused by wiring indicated as a delay A and next, an output delay in the memory and a data 
delay caused by wiring, which are indicated as a delay C. These operation delays are rather long in general. 
[0034] Therefore, the upper limit of the speed of the trace-back operation is determined as shown in FIG. 13C. In 
addition to the delays A and C described above, delays B and D also are included, which relate to a selector for 
extracting a path selection signal for one state from one word read out from the path selection signal memory. With 

io consideration to the setup time of a shift register for storing Viterbi states, the upper limit of the operation speed is 
determined depending on a longer delay out of the following two delays. 

(1 ) Delay around the path selection signal memory : Delay A + Delay C + Delay D 

(2) Delay around the selector : Delay B + Delay D 

15 

As can be understood from the above, the delay around the path selection signal memory is longer than the other, 
which limits the operation speed, thus causing a difficulty in high speed trace-back. 

[0035] In order to solve this problem, there is a method in which a high speed operation is achieved using a register 
file as the path selection signal memory or the like. However, such a method causes an increase in circuit size and 

20 area and a disadvantage in attempting to reduce power consumption. 

[0036] The present invention is intended to provide a Viterbi decoder in which while using conventional memories 
such as a RAM or the like for a path metric memory and a path selection signal memory, an ACS operation with a 
reduced number of times the memory is accessed and a high speed trace-back operation are executed. Thus the 
reduction in power consumption and the increase in speed of a Viterbi decoding operation can be achieved. 

25 [0037] In order to achieve the above-mentioned object, a first Viterbi decoder of the present invention includes a 
branch metric operation section, an add-compare-select (ACS) operation section, a path metric permutation section, 
and a path metric memory. The branch metric operation section calculates branch metrics based on input codes. The, 
ACS operation section calculates path metrics of respective states by time-sharing processing based on the branch 
metrics calculated by the branch metric operation section. The path metric permutation section temporarily delays the 

30 path metrics sequentially calculated by and output from the ACS operation section and permutates the path metrics 
to have different time series from those of the path metrics output from the ACS operation section. The path metric, 
memory stores path metrics output from the path metric permutation section. 

[0038] . : ln the first Viterbi decoder, it is preferable that the path metric memory stores, reads out, and writes path 
metrics of continuous even number states and path metrics of continuous odd number states, as one storage unit per 
35 address. 

[0039] In the first Viterbi decoder, it is preferable that the path metric permutation section temporarily delays time 
series of plural pairs of path metrics of upper order states and path metrics of lower order states calculated by the ACS 
operation section and permutates the path metrics to obtain time series of plural pairs of path metrics of continuous 
even number states and path metrics of continuous odd number states. 
40 [0040] In the first Viterbi decoder, it is preferable that using the path metric permutation section for temporarily de- 
laying time series of plural pairs of path metrics of upper order states and path metrics of lower order states calculated 
by the ACS operation section and permutating the path metrics to obtain time series of plural pairs of path metrics of 
continuous even number states and path metrics of continuous odd number states, four path metrics are updated by 
two-time readouts and two-time writings with respect to the path metric memory alone. 
45 [0041] In the first Viterbi decoder, it is preferable that the ACS operation section also selects a maximum likelihood 
path in combination with a path metric at a preceding time point and generates a path selection signal as information 
of the path thus selected (a surviving path), the first Viterbi decoder further includes a path selection signal memory 
for storing the path selection signal and a trace-back operation section for searching past state transition using a past 
path selection signal read out from the path selection signal memory and outputting decoded data, and the trace-back 
operation section includes a Viterbi state memory for storing a Viterbi state following the surviving path based on the 
path selection signal obtained from the path selection signal memory, a Viterbi state prediction section for predicting 
a part of a Viterbi state to be updated next based on contents of the Viterbi state memory, and a path selection signal 
memory address calculation section for calculating an address of the path selection signal memory storing the path 
selection signal based on the part of the Viterbi state predicted by the Viterbi state prediction section. 
[0042] It also is preferable that the Viterbi state prediction section includes an up/down counter for changing a state 
according to a readout control signal of the path selection signal memory and a shift control signal of the Viterbi state 
memory and a selector for changing a correspondence between the contents of the Viterbi state memory and the part 
of the Viterbi state to be updated next according to a value of the up/down counter. 
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EUJth Furt t h h eml ° re ; * is Parable that pipeline processing is employed in at least one stage selected from a stage 
where the path selection s.gnal memory address calculation section calculates an address based on the part of the 

Ltt ' f ? PrSd,Ct ? d bV th / Vit6rbi ^ PrediCti ° n S6Cti0n ' 3 sta9e where based ° n the ^ress thus canted the 
path selection s.gnal is read out from the path selection signal memory, and a stage where based on the path selection 

fZ a J, th f read ° Ut thS V " erbi St8te f0,l0Wing the surviving P ath is stor ed in the Vrterbi state memory 

H. °t rder t0 a ? ieVe above - mentioned «*♦«. a second Viterbi decoder of the present invention includes 
a branch metnc operat.on sect.on, an add^ompare-select (ACS) operation section, a path metric permutation section 

o^n n ? et 1 nC/path ^ITT Sl9nal C ° mm0n mem0rYl 8 trace " back ^^ation section, and an address generation/mem- 
ory control section. The branch metric operation section calculates branch metrics based on input codes The ACS 

S^rr h C If teS , Path m6triCS ° f reSpeCtlVe Stat6S by "-^-sharing Processing based on the branch metrics 
HtSOS' r branCh t met T ° peration section < selects a max '™m "kelihood path in combination with a path metric 
a i|lC, 9 P °'!L; T 9GnerateS 3 Path Se ' eCti0n Signal as informati °n of the maximum likelihood path thus 
selected (a surviving path). The path metric permutation section temporarily delays path metrics sequentially calculated 

of the path metncs output from the ACS operation section. The path metric/path selection signal common memory 

tSZSUZE? T T S H leCti r Si9nalS - The traCe " baCk ° perati0n Section searches P as " state tra'sifion Zg 
1 P , E! k S ' 9nal read ° Ut fr0m the Pa,h ™ Mc *P** Election signal common memory and outputs decoded 
1 ST SeCti ° n inC ' UdeS 3 Vite,t)i StatS m6m0ry f ° r St0ring 9 Viterbi «tate following the surviving 
s tl n-nt T r °? S ' 9nal ° btained fr ° m ,he Path metric/ P ath Election signal common memory, a Viterbi 
state pred.ct.on section for P red,cting a part of a Viterbi state to be updated next based on contents of the Vrterbi state 
memory, and a path select.on s.gnal memory address calculation section for calculating an address of the path selection 
signa. memory storing the path se.ection signal based on the part of the Viterbi state predicted b^TtSSS 
t^^rrS^ 6 TT 9 eneM ™™V c °n*ol section receives path metrics from the path metric permu- 
^rZT t T ?k P 86 eCt '° n Si9na ' fr ° m the ACS ° peration Section ' generates and write s a specific address 
Snlf T? ? Pa . matnG/path se,ection s'Snal common memory, reads out the path metrics and the path selection 
signal that are stored ,n the path metric/path selection signal common memory, and supplies the path metrics to the 

thfn!th r S6Ct,0n and ^ Se,6Cti0n Signa ' t0 thS traCe ' back °P eration section The ACsVSn'eSion 
the path metnc operation section, and the trace-back operation section access the path metric/path selection signal 
common memory in a time sharing manner by the address generation/memory control section 9 
[0045] According to the above-mentioned configuration, the ACS operation in the Viterbi decoder is executed by 
m^mWnTth 9 ^.^ eSS ' n9 a ", d <he seauences <* P a *h metric states to be written in the path metric memory or the path 

the ^<S^l S ' 9n t CO T^ ^ Chan96d USing th6 Path metric P^«t a «on section. In addition, in 

the Vttemi decoder, the path select.on signal from the path selection signal memory or the path metric/path select on 

S7l?LT ^T^ 1 ^ ° Ut bV Pipe "' ne Pr ° CeSSing USing the Viterbi ^te Prediction section^ufeTeS ng 
t'ff opera * ,on - ^ a result - the number of memory accesses in the ACS operation is reduced and the traced 
back operat.cn can be executed at a high speed, thus allowing power consumption to be reduced and the Vttemi 
decoding process to be accelerated. vnero. 

[0046] In other words, the ACS operation in the Vrterbi decoder is executed by the time-sharing processing and the 
sequences o the path metric states to be written in the path metric memory are changed using the path metric per 

C^ZiTZ TT USi " 9 ° ne f ° Ur P3th m6triCS Can be ca,culated b ' four -«^ memory acSes 

Consequently, the number of memory accesses required per process in the ACS operation can be reduced, the Viterbi 
decoding operat.on can be accelerated, and the power consumption can be reduced 

[0047] Furthermore, the Viterbi state prediction section is provided in the trace-back operation section in the Vrterbi 
decoderto execute the readout from the path section signal memory by the pipeline processing. Thereto e wht a 
conventual memory such as a RAM or the like is used for the path selection signal memory, a high speed ^traclback 
SSTZL aChi6V H? thUS aCCe,era,ing the dec ° d -9 operation and reducing L powe%onsum P Ln 

ArfLU 0 re ° Ver - a " addreSS 9eneration/memory control section is provided so that one RAM is shared among the 
J£f* ° h 7 ZV ? P h metnC P emiutation section, and the trace-back operat.on section. Consequent a 
Vrterbi decoder in wh.ch the use of the RAM is minimized can be obtained equenuy, a 

of T Vesem1nve a ntio 0 n Ck * C ° nf iguration of a Viterbi dec °der according to an embodiment 

2 FIG - 2A iS 8 b,0Ck diagram showina configurations of an ACS operation section and a path metric permutation 
[0051] FIG. 2B is a timing chart showing operations of the respective sections shown in FIG 2A 

22' 3A . iS 8 b '° Ck dia9ram Sh ° Wing 8 SpecifiC configuration example of a trace-back operation 
rnn^l 22 tlm ' n9 showin 9 operational delays of respective signals shown in FIG 3A 

[□□54] FIG. 3C is a schematic diagram showing operational delays determining the upper limit of a speed of the 
trace-back operation shown in FIG. 3A. P 
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[0055] FIG. 4 is a diagram showing the principle of a next Viterbi state prediction section. 
[0056] FIG. 5A is a block diagram showing a configuration example of the next Viterbi state prediction section. 
[0057] FIG. 5B is a table showing the relationship of a path selection data read signal, a shift register shift signal, 
and a value of an up/down counter 502. 
5 [0058] FIG. 5C is a table showing the relationship between a value of the up/down counter 502 and a word address 
selected by a selector 501 . 

[0059] FIG. 6 is a timing chart showing the trace-back operation. 

[0060] FIG. 7 is a biock diagram showing a schematic configuration of a Viterbi decoder with one RAM shared among 
respective operation sections, according to another embodiment of the present invention. 
10 [0061] FIG. 8 is a timing chart showing operations of sharing one RAM among the respective operation sections. 
[0062] FIG. 9 is a block diagram showing an example of a convolutional encoder. 
[0063] FIG. .1 0 is a trellis diagram for explaining Viterbi decoding. 

[0064] FIGs. 11 A and 11 B are path metric transition diagrams for explaining the Viterbi decoding. 
[0065] FIG. 12 is a state transition diagram for explaining the trace-back operation. 
15 [0066] FIG. 1 3A is a block diagram showing a specific configuration example of a conventional trace-back operation. 
[0067] FIG. 13B is a timing chart showing operational delays of respective signals shown in FIG. 13A. 
[0068] FIG. 13C is a schematic diagram showing operational delays determining the upper limit of a speed of the 
trace-back operation shown in FIG. 13A. 

[0069] Preferred embodiments according to the present invention are described with reference to the drawings as 
20 follows. 

[0070] FIG. 1 is a block diagram showing a schematic configuration of a Viterbi decoder according to an embodiment 
of the present invention. 

[0071] Generally, using a Viterbi algorithm, a Viterbi decoder selects a combination (a path) of maximum likelihood 
(most likely) branches selected from two respective branches of respective states to select a surviving path until its 
25 predetermined length is obtained and detects a maximum likelihood path out of paths selected in the respective states, 
thus decoding received codes. 

[0072] As shown in FIG. 1 , a Viterbi decoder for decoding convolutional codes based on such a Viterbi algorithm 
basically includes a branch metric operation section 102, an ACS (add-compare-select) operation section 103, a path 
metric permutation section 104, a path metric memory 105, a path selection signal memory 106, and a trace-back 

30 operation section 107. The branch metric operation section 102 calculates metrics between sequences of received 
data ; (received sequences) from a terminal 101 and the above-mentioned respective branches. The ACS operation 
section 103 selects surviving paths and calculates path metrics of the surviving paths. The path metric permutation 
section 1 04 temporarily delays the path metrics sequentially calculated by and output from the ACS operation section 
1 03 and permutates the path metrics to have different time series from those of the path metrics output from the ACS 

35 operation section 1 03. The path metric memory 1 05 stores path metrics of respective states. The path selection signal 
memory 1 06 stores information of selected paths (path selection signals). The trace-back operation section 1 07 search- 
es past state transition using past path selection signals read out from the path selection signal memory 106 and 
outputs decoded data from a terminal 108. 

[0073] First, an ACS operation in the ACS operation section 103 is described as follows. 

40 [0074] The following description is directed to a specific example of convolutional encoding and Viterbi decoding 
when a constraint length K = 9 and a code rate R = 1/2. When the constraint length K = 9, the number of states is 2 K " 1 , 
i.e. when K = 9, the number of states is 2 8 = 256. These 256 states are indicated as "00" to "FF" using two digits 
hexadecimal notations and the path metric of a state xx is indicated as PM[xx]. A path metric of a new state is indicated 
as PM[xx](new) and a path metric of a state at the preceding time point as PM[xx](old). 

45 [0075] When the constraint length K = 9 and the code rate R = 1/2, in the ACS operation, a maximum likelihood path 
is selected out of two paths subjected to transition to respective states. For example, as shown in FIGs. 1 1 A and 1 1 B, 
paths for transition to a new state 00 (new) are two paths from states 00 (old) and 01 (old) at a preceding time point. 
For the transition to the state 00 (new) from the preceding states 00 (old) and 01 (old), the received codes (GO, G1) 
are required to be, for example, (00) and (11), respectively. 

so [0076] These expected two received codes are determined uniquely according to generating polynomials of a con- 
volutional encoder with respect to the respective states xx (new). The two received codes denote those expected "when 
"0" is input to the convolutional encoder as an information bit" and "when "1" is input to the convolutional encoder as 
an information bit". 

[0077] Therefore, in the branch metric operation section 102, metrics (branch metrics) of respective received code 
55 patterns are determined and in the ACS operation section 103, a maximum likelihood of a path is determined in com- 
bination with a metric (a path metric) at a preceding time point to select a surviving path and a path metric for the 
subsequent time point is stored and retained in the path metric memory 105. 

[0078] When branch metrics and path metrics in the case where "0" and "1" are input to the convolutional encoder 
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as information bits in the state xx are indicated as BM0[xx] and BM1[xx], and PM0[xx] and PM1[xx], respectively, the 
correspondence between the path metric and the maximum likelihood is indicated as: 
Large path metric High maximum likelihood 
Small path metric -> Low maximum likelihood, 
and in the case of transitions to the state 00 from the states 00 and 01 , the calculations in the above-mentioned case 
are expressed as follows: 

PM0[00](new)=PM[00](old)+BM0[00] 
PM 1 [00](new)=PM[01 ](old)+BM 1 [00] 

is PM[00](new)=max(PMO[00](new), PM1[00](new)). 

In the above calculation, max(x, y) indicates an operation for selecting a higher value out of x and y. 

[0079] With respect to PM[80](new) in which only the most significant bits are different, the calculations are expressed 

as follows. 

20 

PM0[80](new)=PM[00](old)+BM0[80] 

25 PM 1 [80](new)=PM[01 ](old)+BM 1 [80] 

PM[80](new)=max(PM0[80](new), PM1[80](new)). 
30 [0080] In the case of transitions to the state 01 from the states 02 and 03, the calculations are expressed as follows. 

PMO[01](new)=PM[02](old)+BM0[01] 

35 

PM 1 [01 ](new)=PM[03](old)+BM 1 [01 ] 
PM[01](new)=max(PM0[00](new), PM1[00](new)). 

40 

With respect to PM[81](new) in which only the most significant bits are different, the calculations are expressed as 
follows. 

45 PM0[81](new)=PM[02](old)+BM0[81] 

PM 1 [8 1 ](new)=PM[03](old)+BM 1 [81 ] 

50 

PM[81](new)=max(PM0[80](new), PM1[80](new)). 
[0081 ] Furthermore, when the generating polynomials of the convolutional encoder are: 

55 

G0(D) = 1+...+D K * 1 
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G1(D)= 1+...+D K " 1 , 

i.e. when the generating polynomials have members 1 and D K_1 , respectively, the bits of codes always are inverted 
5 logically by the inputs of "0" and "1" of information bits and therefore, code distances in the case of the inputs of "0" 
and "1" have a symmetric relationship. In this case, with respect to the branch metrics as to the states in which only 
their most significant bits are different, the following relationships hold. 

w BM0[80]= BM1[00] 

BM1[80]= BM0[O0] 
BM0[81] = BM1[01] 
BM1[81] = BM0[01] 

20 

[0082] Using these relationships, the relationships of the above-mentioned path metrics are expressed as follows. 

PM0[00](new)=PM[00](old)+BM0[00] 

25 

PM1[00](new)=PM[01](old)+BM1[00] 
3Q PM[00](new)=max(PMO[00](new), PM1[00](new)) 

PM0[80](new)=PM[00](old)+BM1[00] 
35 PM 1 [80](new)=PM[01 ](old)+BM0[00] 

PM[80](new)=max(PMO[80](new), PM1[80](new)) 

40 

PM0[01](new)=PM[02](old)+BM0[01] 
45 PM 1 [01 ](new)=PM[03](old)+BM 1 [01 ] 

PM[01](new)=max(PMO[00] (new), PM1[00](new)) 
PM0[81](new)=PM[02](old)+BM1[01] 
PM 1 [81 ](new)=PM[03J(old)+BM0[01 ] 

55 

PM[81] (new)=max(PM0[80] (new), PM1[80] (new)) 
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[0083] In other words, from the above formulae, it is understood that from four path metrics of continuous even and 
odd number states of PM[00](old), PM[01](old), PM[02](old), and PM[03](old), two pairs of path metrics, each of which 
includes two path metrics of continuous even and odd number states of PM[00](new) and PM[01](new) or PM[80l(new) 
and PM[81](new), can be obtained. 

[0084] In the present embodiment, using the path metric permutation section 104, four path metrics obtained se- 
quentially from the ACS operation section 1 03 are permutated to two pairs of path metrics, each of which includes two 
path metrics of continuous even and odd number states. 

[0085] Furthermore, the present embodiment is configured so that using a RAM (a random access memory) as the 
path metric memory 105, the path metrics of continuous even and odd number states are stored as one storage unit 
per address of the RAM. Therefore, with the following four memory accesses, four path metrics are updated. 

(1) Read out of PM[00](old) and PM[01](old) and calculation of PM[00](new) and PM[80](new) 

(2) Read out of PM[02](old) and PM[03](old) and calculation of PM[01](new) and PM[81](new) 

(3) Writing of PM[00](new) and PM[01](new) 

(4) Writing of PM[80](new) and PM[81](new) 

This updating is executed for 256 states with respect to PM[00] to PM[FF]. 
[0086] Specifically, path metrics are updated, for example, as shown in FIG. 2A. 

[0087] In FIG. 2A, a state (old) is indicated as n, a state (new) as m, and an upper state and a lower state in the state 
(new) are indicated as m(U) and m(L), respectively. The upper state and the lower state are defined as follows As 
shown in FIG. 9, in the case where the input side of an information bit is the most significant bit of the state, with respect 
to a pair of states with the same bit except for their most significant bits, the "upper state" is the state with "1" as the 
most significant bit and the "lower state" is the state with "0" as the most significant bit. For example, in the path metric 
transition diagrams shown in FIGs. 1 1 A and 1 1 B, the state "00" after state transition is the lower state and the state 
"10" is the upper state. In this connection, the upper and lower states also can be defined in the case where the input 
side of an information bit is the least significant bit of the state, which is mathematically the same as the above-men- 
tioned definition. 

[0088] Initially, branch metrics BM0[m] and BM1[m] are input from terminals 201 and 202, and path metrics PM[n] 
and PM[n+1] of continuous even and odd number states are input from terminals 203 and 204 respectively. 
[0089] Next, adders 205, 206, 207 and 208 calculate path metrics PM0[m(L)] and PM1[m(L)] of lower states and 
PM0[m(U)] and PM l[m(U)] of upper states. 

[0090] Subtracters 209 and 210 compare PM0[m(L)] with PM1[m(L)] and PM0[m(U)] with PM1[m(U)], respectively. 
In the subtraction results from the subtracters 209 and 210, code bits represent the comparison results A code bit 
"sign [m(L)]" of the result of comparison between PM0[m(L)] and PM1[m(L)] and a code bit "sign[m(U)]" of the result 
of comparison between PM0[m(U)] and PM1[m(U)] are used as selection signals in selectors 211 and 212 described 
later and also are output from terminals 21 7 and 21 8 as path selection signals PS[m(L)] and PS[m(U)], respectively 
[0091] Path metrics with high likelihood are calculated as PM[m(L)] and PM[m(U)] by the selectors 211 and 212 
These path metrics are delayed temporarily by delay elements 213 : 214, 21 5 of flip-flops and the like in the path metric 
permutation section 104. 

[0092] Similarly, from the path metrics PM[n+2] and PM[n+3] of continuous even and odd number states path se- 
lection signals PS[m+1 (L)] and PS[m+1 (U)] and path metrics PM[m+1 (L)] and PM[m+1 (U)] are calculated 
[0093] As a next step, the path metrics PM[m+1 (L)] and PM[m+1 (U)] together with the PM[m(L)] and PM[m(U)] that 
have been delayed are permutated and are selected by the selector 21 6 as a pair of PM[m(L)] and PM[m+1 (L)] and a 
pair of PM[m(U)] and PM[m+1 (U)], which then are output from the terminals 21 9 and 220. 

[0094] The above-mentioned operations are illustrated in a timing chart shown in FIG. 2 B. From the timing chart it 
can be seen that in the four cycle operations, operations of reading out and writing of the path metrics are executed 
in two cycles, respectively. Such a configuration allows the frequency of memory accesses in the ACS operation to be 
reduced. r 

[0095] The trace-back operation is described as follows. 

[0096] FIG. 3A is a block diagram showing a specific configuration example of the trace-back operation. In FIG 3A 
sections except for the path selection signal memory 1 06 for storing path selection signals are included in the trace- 
back operation section 1 07. That is to say, the trace-back operation section 1 07 includes a data buffer 302, a selector 
303, a shift register 304, a next Viterbi state prediction section 305, and an address buffer 306. The data buffer 302 
temporarily delays path selection signal data (with n bit width) including path selection signals for a plurality of states 
(n states). The selector 303 extracts a path selection signal (with one bit width) for one state from the path selection 
signal data. The shift register 304 updates a Viterbi state by the path selection signal. The next Viterbi state prediction 
section 305 predicts a part of a Viterbi state to be updated next from the Viterbi state. The address buffer 306 temporarily 
delays a path selection signal memory address calculated by and output from the next Viterbi state prediction section 
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305. 

[0097] The shift register 304 indicates the Viterbi state as well as a decoding bit obtained from transition of the Viterbi 
state. 

[0098] An important point in the above configuration is the following improvement, in a conventional operation, it is 
s necessary in the trace-back process that based on a Viterbi state updated in the shift register 304, path selection signal 
data are read out from the path selection signal memory 1 06 and the shift register 304 is updated in the next cycle by 
the path selection signal extracted from the path selection signal data. In the present embodiment, however, a Viterbi 
state to be updated next is predicted, and a predicted path selection signal memory address is calculated by the next 
Viterbi state prediction section 305 provided additionally in the present embodiment, thus achieving the trace-back 
io process using the address buffer 306 and the data buffer 302 for temporarily delaying the path selection signal memory 
address and the path selection signal data, respectively. 

[0099] The following description is directed to advantages in the above-mentioned improvement. FIG. 3B is a timing 
chart showing the delays of respective signals in the above-mentioned configuration. The timing chart includes a clock 
as a reference, an output of the next Viterbi state prediction section, an input of the path selection signal memory 

'5 address, an output of the path selection signal memory data, and an output of the data buffer, sequentially. The re- 
spective signals include an address delay caused by wiring, an output delay in the path selection signal memory, and 
a data delay caused by wiring. In these delays, delays A and C shown in FIG. 3A are divided in a pipeline operation 
as shown in FIG. 3B by the operation of the path selection signal memory 106 in synchronization with the clock, the 
address buffer 306, and the data buffer 302. 

20 [0100] Therefore, the upper limit of the speed of the trace-back operation is determined as shown in FIG. 3C. In 
addition to the above-mentioned delays A and C, with consideration to delays B and D relating to the selector 303 and 
a setup time of the shift register 304, the upper limit of the operation speed is determined depending on the longest 
delay out of the following delays. 

25 - a delay (1 ) around the path selection signal memory 1 06 : Delay A 

A delay (2) around the path selection signal memory 1 06 : Delay C + Delay D 
A delay around the selector 303 : Delay B + Delay D 

In this connection, as described above, the delays A and C can be reduced considerably by the address buffer 306 
30 and the data buffer 302. Therefore, the operation speed is limited by the delay around the selector 303. This delay 
around the selector 303 is very short as compared to the conventional delay around the path selection signal memory. 
Therefore, high speed trace-back can be achieved; 

[0101] Next. the principle of the next Viterbi state prediction section 305, which is an important point in the present 
embodiment, is described with reference to FIG. 4 as follows. 

35 [0102] As described above, the Viterbi state indicates contents of delay elements in the convolutional encoder. The 
contents of the delay elements are shifted by one bit every time one information bit is input. In other words, one bit 
shift and time variation in one cycle are equivalent with respect to a part of the Viterbi state. Using this relationship, 
depending on which bit range in the shift register 304 is selected as a part of the Viterbi state to be a path selection 
signal memory address, the path selection signal memory address to be updated next can be predicted. 

40 [0103] A specific circuit structure for achieving this operation is shown in FIG. 5A. A lower order (on an input side of 
the path selection signal) of a Viterbi state input from the shift register 304 to the next Viterbi state prediction section 
305 becomes selection information (a bit address) for the selector 303 (FIG. 3A) extracting a path selection signal from 
the path selection signal data. Similarly, an upper order of the Viterbi state becomes a path selection signal memory 
address (a word address), a selector 501 selects a bit range of the Viterbi state from which the word address is to be 

45 extracted, and an up/down counter 502 computes the information selected by the selector 501 . The value of the up/ 
down counter 502 is changed according to a read signal of path selection data and a shift signal of the shift register 304. 
[01 04] FIG. 5B shows the relationship among a read signal of the path selection data, a shift signal of the shift register, 
and a value of the up/down counter 502. In FIG. 5B, the up/down counter 502 retains the preceding value when the 
read signal is "O" (no reading) and the shift signal also is "0" (no shift), or when the read signal is "1 " (reading) and the 

so shift signal also is "1" (shift). When the read signal is "1" (reading) and the shift signal is "O" (no shift), the up/down 
counter 502 adds "1". When the read signal is "0" (no reading) and the shift signal is "1" (shift), the up/down counter 
502 subtracts "1". 

[0105] In the trace-back operation, since the reading of the path selection data and the shift in the shift register 
always correspond to each other on a one-to-one basis, the state where only one of the read signal and the shift signal 
55 j s "1" depends on the number of stages in the pipeline structure shown in FIG. 3B. In the case of the present config- 
uration example, the state where the read signal is "1 " and the shift signal is "0" continues for three cycles in an initial 
period of the trace-back, and the state where the read signal is "0" and the shift signal is "1 " continues for three cycles 
in the end of the trace-back. Therefore, when an initial value of the up/down counter 502 is "0", the value of the up/ 
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down counter 502 varies between "0" and "3". 

[01 06] FIG. 5C shows the relationship between a value of the up/down counter 502 and a word address to be selected 
by the selector 501 . When the value of the up/down counter 502 increases, i.e. when the read signal is "1" and the 
shift signal is "0", an operation is carried out so as to select the lower order side of the Viterbi state sequentially as the 
5 word address. This operation is executed for predicting a path selection signal memory address to be updated next 
as described with reference to FIG. 4. This prediction operation uses a part of the bit address as the word address and 
therefore, the bit width of the maximum bit address can be used as a prediction range. 

[0107] FIG. 6 shows a series of operation timings in the above-mentioned trace-back operation. FIG. 6 shows from 
the top, a reference clock, an output of the next Viterbi state prediction section 305, an output of the address buffer 
10 306, an output of the memory (the path selection signal memory) 1 06, a path selection signal, a least significant bit of 
the shift register 304, a path selection data read signal, a shift register shift signal, and a value of the up/down counter 
502. As shown in FIG. 6, the use of the output of the next Viterbi state prediction section 305 allows the trace-back to 
be executed in the pipeline operation. 

[0108] According to such an arrangement, high speed trace-back can be achieved while using a conventional RAM 
™ [0109] With reference to FIG. 7, an example of a Viterbi decoder according to another embodiment of the present 
invention is described as follows. In the Viterbi decoder, the aforementioned operation means and a conventional RAM 
are used and the use of the RAM is minimized. 

[0110] A Viterbi decoder shown in FIG. 7 includes an address generation/memory control section 706 and a path 
metric/path selection signal common memory 705 in addition to the aforementioned branch metric operation section 
102, ACS operation section 103, path metric permutation section 104, and trace-back operation section 107 The 
address generation/memory control section 706 is connected to the ACS operation section 103, the path metric per- 
mutation section 1 04, and the trace-back operation section 1 07. The path metric/path selection signal common memory 
705 is connected to the address generation/memory control section 706. 

[0111] The address generation/memory control section 706 generates the following memory access address ME- 
MADR from path metric state numbers n and m and a path selection signal state number /based on a path metric 
memory area start address PMSADR, a path selection signal memory area start address PSSADR, and a memorv 
area assignment signal PMPSSEL. y 

30 MEM ADR = PMPSSEL ? (PMSADR+n) : (PMSADR+m) : (PSSADR+/) 

In the above, the operation expression s ? x : y : z indicates an operation for outputting x, y, and z when s=0 1 and 
2, respectively. 

[0112] During the Viterbi decoding operation, as shown in FIG. 8, the PMPSSEL is changed to any one of 0 1 and 
2 at appropriate time points, and the ACS operation section 103, the path metric permutation section 104, and the 
trace-back operation section 1 07 operate in synchronization with the PMPSSEL, respectively. 
[0113] According to such an arrangement, Viterbi decoding in which one conventional RAM is shared among the 
respective operation sections and the use of the RAM is minimized can be achieved. 
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Claims 

1. A Viterbi decoder, comprising: 



a branch metric operation section for calculating branch metrics based on input codes; 
an add-compare-select (ACS) operation section for calculating path metrics of respective states by time-shar- 
ing processing based on the branch metrics calculated by the branch metric operation section; 
a path metric permutation section for temporarily delaying the path metrics sequentially calculated by and 
output from the ACS operation section and permutating the path metrics to have different time series from 
those of the path metrics output from the ACS operation section; and 
a path metric memory for storing path metrics output from the path metric permutation section. 

2. The Viterbi decoder according to claim 1 , wherein the path metric memory stores, reads out, and writes path 
metrics of continuous even number states and path metrics of continuous odd number states, as one storaqe unit 

5 ^ per address. a 

3. The Viterbi decoder according to claim 1 , wherein the path metric permutation section temporarily delays time 
series of plural pairs of path metrics of upper order states and path metrics of lower order states calculated by the 
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ACS operation section and permutates the path metrics to obtain time series of plural pairs of path metrics of 
continuous even number states and path metrics of continuous odd number states. 

4. The Viterbi decoder according to claim 1 , wherein using the path metric permutation section for temporarily delaying 
5 time series of plural pairs of path metrics of upper order states and path metrics of lower order states calculated 

by the ACS operation section and permutating the path metrics to obtain time series of plural pairs of path metrics 
of continuous even number states and path metrics of continuous odd number states, four path metrics are updated 
by two-time readouts and two-time writings with respect to the path metric memory alone. 

to 5. The Viterbi decoder according to claim 1 , further comprising: 

a path selection signal memory; and 
a trace-back operation section, 

wherein the ACS operation section also selects a maximum likelihood path in combination with a path metric 
15 at a preceding time point and generates a path selection signal as information of the maximum likelihood path 

thus selected (a surviving path), 

the path selection signal memory stores the path selection signal, 

the trace : back operation section searches past state transition using a past path selection signal read out from 
the path selection signal memory and outputs decoded data, and 
20 the trace-back operation section includes: 

a Viterbi state memory for storing a Viterbi state following the surviving path based on the path selection 
signal obtained from the path selection signal memory; 

a Viterbi state prediction section for predicting a part of a Viterbi state to be updated next based on contents 
25 of the Viterbi state memory; and 

a path selection signal memory address calculation section for calculating an address of the path selection 
signal memory storing the path selection signal based on the part of the Viterbi state predicted by the 
Viterbi state prediction section. 

30 6. The Viterbi decoder according to claim 5, wherein the Viterbi state prediction section includes: 

an up/down counter for changing a state according to a readout control signal of the path selection signal 
memory and a shift control signal of the Viterbi state memory; and 

a selector for changing a correspondence between the contents of the Viterbi state memory and the part of 
35 the Viterbi state to be updated next according to a value of the up/down counter. 

7. The Viterbi decoder according to claim 5, wherein pipeline processing is employed in at least one stage selected 
from: 

40 a stage where the path selection signal memory address calculation section calculates an address based on 

the part of the Viterbi state predicted by the Viterbi state prediction section; 

a stage where based on the address thus calculated the path selection signal from the path selection signal 
memory is read out; and 

a stage where based on the path selection signal thus read out the Viterbi state following the surviving path 
45 is stored in the Viterbi state memory. 

8. A Viterbi decoder, comprising: 



so 



a branch metric operation section for calculating branch metrics based on input codes; 
an add-compare-select (ACS) operation section for calculating path metrics of respective states by time-shar- 
ing processing based on the branch metrics calculated by the branch metric operation section, selecting a 
maximum likelihood path in combination with a path metric at a preceding time point, and generating a path 
selection signal as information of the maximum likelihood path thus selected (a surviving path); 
a path metric permutation section for temporarily delaying the path metrics sequentially calculated by and 
55 output from the ACS operation section and permutating the path metrics to have different time series from 

those of the path metrics output from the ACS operation section; 

a path metric/path selection signal common memory for storing path metrics and path selection signals; 
a trace-back operation section for searching past state transition using a past path selection signal read out 
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from the path metric/path selection signal common memory and outputting decoded data, the trace-back op- 
eration section including: w K 

a Viterbi state memory for storing a Viterbi state following the surviving path based on the path selection 
signal obtained from the path metric/path selection signal common memory; 

a Viterbi state prediction section for predicting a part of a Viterbi state to be updated next based on contents 
of the Viterbi state memory; and 

a path selection signal memory address calculation section for calculating an address of the path selection 
signal memory storing the path selection signal based on the part of the Viterbi state predicted by the 
Viterbi state prediction section; and 

an address generation/memory control section for receiving path metrics from the path metric permutation 
section and the path selection signal from the ACS operation section, generating and writing a specific address 
with respect to the path metric/path selection signal common memory, reading out the path metrics and the 
path selection signal that are stored in the path metric/path selection signal common memory, and supplying 
the path metrics to the ACS operation section and the path selection signal to the trace-back operation section 

wherein the ACS operation section, the path metric operation section, and the trace-back operation section 
access the path metnc/path selection signal common memory in a time sharing manner under control by the ad- 
dress generation/memory control section. 
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FIG. 2A 
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